Saccharomyces cerevisiae Y185, enriched in linoleyl residues and incubated for up to 4 h in derepression buffer, more rapidly acquired general amino-acid permease (GAP) activity, as measured by the rate of accumulation of L-alanine, compared with organisms enriched in oleyl residues. A GAP-less mutant incubated under the same conditions did not acquire further Lalanine-accumulating ability, irrespective of the nature of the fatty-acyl enrichment. During derepression, KT values for the GAP were virtually identical irrespective of the fatty-acyl enrichment, but V,,, values were greater for linoleyl residue-enriched organisms, particularly after 1 h in derepression buffer. During incubation in derepression buffer, organisms with either fatty-acyl enrichment did not differ in the size of the amino-N pool, the concentration of Lalanine in that pool, rates of protein synthesis and glucose fermentation, or rate and extent of incorporation of label from H232POj. Under conditions used to measure rates of L-alanine accumulation, organisms with either enrichment showed no evidence of metabolism of accumulated L-alanine.
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I N T R O D U C T I O N
A general amino-acid permease (GAP) is synthesized by Saccharomyces cereuisiae when grown in a medium containing a poor nitrogen source, such as proline (Grenson et al., 1970) . The GAP is a high-velocity system which is particularly effective in transporting D and L-isomers of basic and neutral amino acids (Rytka, 1975) . Saccharomyces cerecisiae synthesizes in addition at least 10 other amino acid-transport systems, each of which is specific for just one or a small number of L-amino acids (Eddy, 1982; Gregory et al., 1982) . No specific systems have yet been reported for accumulation of L-alanine (Roon et al., 1975) , glycine, L-phenylalanine or Ltryptophan, although each of these amino acids can be transported by the GAP. When grown in a medium containing a good nitrogen source, such as ammonium ions, the GAP is not synthesized (Grenson et al., 1970; Grenson, 1983) . However, organisms grown in ammoniacontaining media can be derepressed for the GAP (Woodward & Cirillo, 1977) . Kotyk & Rihovi (1972) effected derepression by shaking organisms in a glucose solution. Woodward & Cirillo (1977) , however, reported that derepression of the GAP in S. cererisiae Y185 also required the organisms to be phosphate-sufficient. The present paper reports data showing that the timecourse of appearance of GAP activity, when S. cerevisiae Y185 is incubated in glucosecontaining phosphate buffer, differs in organisms with membrane phospholipids enriched in oleyl as compared with linoleyl residues. The study exploited a nutritional technique for changing the lipid composition of the plasma membrane, namely the anaerobically induced t Present address: AFRC Food Research Institute, Colney Lane, Norwich.
Abbreviation : GAP, general amino-acid permease. requirement in S. cc)reri.yiac. for a sterol and an unsaturated fatty acid (Andreasen & Stier. 1953 , 1954 , as previously described (Calderbank et NI., 1984) .
M E T H O D S
E.uperimenta1 cultures. Saccharomyces cerezisiae Y 185, a haploid strain, was maintained as described I)y Keenan et al. (1982) . The yeast was grown anaerobically using the methods described by Calderbank et al. (1984) . Cultures were inoculated and incubated anaerobically, and growth measured as described by Alterthum & Rose (1973) and Keenan et al. (1982) . Organisms were harvested from late exponential-phase cultures (0.30-0.32 mg dry wt ml-I) as described by Keenan e t a / . (1982) . Mutants of S. cererisiae Y 185 (designated FVl-FV3) lacking the G A P were isolated by a modification of the method of Rytka (1975) as described by Gregory er al. (1982) .
Measurement of solute accumulation. Appearance of G A P activity during derepression was fclllowed by measuring L-alanine-accumulating velocity. Harvested organisms were washed twice with citrate buffer (10 mM; pH 4-5; 2 x 25 ml) and were resuspended at room temperature to 1.5 mg dry wt ml-I in derepression buffer (KH,PO,; 7.35 mM; pH 4.5; containing 277.5 mwglucose ; Woodward & Cirillo, 1977) . The suspension was placed in a round-bottomed two-arm Quickfit flask (250 ml capacity), a sample (15 ml) immediately removed, and the remaining suspension incubated at 30 "C with stirring under a stream of oxygen-free nitrogen gas (Alterthum & Rose, 1973) . Further samples (1 5 ml) were removed from the suspension with a hypodermic syringe through a Suba seal on a side arm at times indicated up to a maximum of 4 h. Immediately after removal, sarnples were placed in stoppered tubes that had been flushed with oxygen-free nitrogen gas, and were immersed in a bath containing ice-water. The period of storage never exceeded 5 min. During incubation of organisms in derepression buffer, frequent measurements were made of the OD,,, value of the suspension. T o determine the dry weight of organisms in the suspension, triplicate portions (7 ml) were removed, centrifuged for 5 min at 3000 g and the organism5 washed with threc 5 ml portions of water. Organisms were then resuspended in I ml water. and the suspension transferred to ; I preweighed metal cup (16.5 mm diam.; 21.5 mm height) and dried to constant weight at 105 c' (approx. 72 h). Velocity of L-alanine accumulation by organisms was measured at 30 "c' under anaerobic conditions by ;I modification of the method of Keenan & Rose (1979) . The suspension ( I 5 ml:l contained citrute bufi-er (I(, mxi; pH 4-5). glucose (I00 mM), organisms (0.5 mg dry wt ml-I) and L-alanine in the range 25 CIM 1.0 mxi, including both radioactive and non-radioactive amino acid: the specific activity of L-[U-'iC']alanine was in the range 22.5 225 pCi (8.33 M B q ) mmol-I. The suspension was placed in a rouncl-bottomed Quickfit flask ( I00 ml capacity) fitted with two glass-stoppered sampling ports. Velocities of L-alanine accumulation were calculated from plots of the time-course of accumulation for u p to 100 s, over which period of time the plots were linear.
The fate of accumulated L-alanine was followed by examining hot-water extracts of organisms for ,Ccontaining compounds. Organisms were allowed to accumulate L-alanine as already described, exce:pt that the suspension contained 50 pM-L-alanine with a specific activity of 2.25 mCi (83.25 MBq) mmol-I, and filters with organisms were immersed in 2 ml water at 100 "C for 10 min. The suspension was then filtered through a membrane filter (0.45 pm pore size; 25 mm diam.; Millipore), freeze-dried overnight and resuspended in 50 111 water. Ninhydrin-positive compounds in the filtrate were separated by paper chromatography using the solvent system : butan-I -01, wateriglacial acetic acid ( 12 : 5 : 2. by vol.). Chromatograms were dried, and examined :is dcscri bed by Keenan ct al. ( 1982) .
The ability of organisms undergoing derepression to accumulate H,PO; was studied in two ways. To measure the extent of accumulation, harvested organisms were resuspended in derepression buffer in which was incorporated Hz"PO; at 34 pCi mmol-' . The suspension was incubated as already described under conditions which allow derepression of the GAP. The extent of 3 2 P incorporation was determined at intervals over a 4 h period. Initial velocities of phosphate accumulation were measured by removing portions from the suspension in derepression buffer at 30 min intervals. Organisms were harvested by filtration (0.45 pm pore size; 25 mm diam. ; Millipore), washed twice in citrate buffer (10 mM; pH 4-5; 10 ml), and resuspended to 1.5 mg dry wt ml-' in the same buffer. Velocity of H2"PO; accumulation was measured in a suspension identical to that described for accumulation of ~-[ U -~T ] a I a n i n e .
with L-alanine being replaced by 74 ~M -K H~P O , and the suspension containing 13-60 pCi pmol-1 as H,32PO;.
Analytical methods. The size of the total amino-N pool in organisms undergoing derepression was determined by measuring the concentration of ninhydrin-positive compounds in hot-water extracts. Duplicate porticlns ( 5 ml) of suspensions of organisms (1.5 mg dry wt ml-' ) in derepression buffer were removed at predetermined times, and the organisms separated by centrifugation for 2 min at 3000 g at room temperature (18-22 "C). Supernatant liquids were discarded and organisms washed twice with portions (2 ml) of water. Washed organisms were suspended in 4 ml water at 100 "C and suspensions immersed in a bath of boiling water for 5 min. The suspensions were then filtered through a membrane filter (0.45 pm pore size; 25 mm diam.; Sartorius) and filters washed twice with 2 ml portions of water at 100 T. The combined filtrates were made up to 10 ml and stored at -20 "C. Total ninhydrinpositive compounds in extracts were assayed by the method of Harris & Parsons (1958) , using L-alanine as the standard. Concentrations of L-alanine in hot-water extracts of organisms were determined by measuring the rate of formation of NADH when extracts were incubated with L-alanine dehydrogenase and NAD+ (Williamson, 1974) .
Suspensions of organisms (300 mg dry wt) in derepression buffer (200 ml) that were to be analysed for lipids were supplemented 15 min before harvesting with a solution (2 ml) containing 10 mg each of cycloheximide and chloramphenicol. After filtration, as already described, organisms were washed twice on the filter with citrate buffer (10 mM; pH 4.5), and lipid extracted by a modification of the Folch et af. (1957) and Watson & Rose (1980) procedures. Fatty-acid methyl esters were analysed by GLC on a glass column (1.5 m) containing 10:; S2330 on 100-120 mesh Chromosorb W-AW. The column was used at 170°C with the carrier gas (N,) flow rate 30 ml min-I, and the detector at 270 "C. Percentage fatty-acid compositions were calculated using a Pye Unicam CDPI computing integrator.
Keto-acid concentrations in suspensions of organisms accumulating L-alanine were determined by the method of Woodward & Cirillo (1 977), using L-alanine and pyruvate as standards. Concentrations of volatile compounds derived from L-alanine were determined from the differences between initial radioactive counts included in incubation mixtures and total counts recovered from organisms and filtrates.
Measurment qj' rates of protein synthesis. These were determined by a modification of the dual labelling procedure of Elliott & McLaughlin (1978) . Organisms (90 mg dry wt) were suspended in derepression buffer (60 ml) containing 0.25 pM-L-histidine (including 5.0 pCi ~-[U-'~C]histidine). At intervals during derepression of the GAP, portions (12 ml) of suspension were removed and incubated at 30 "C for 10 min with a 3H-labelled mixture of L-amino acids. The 3H : l4C c.p.m. ratio in extracted and precipitated protein was a measure of the rate of protein synthesis.
Fermentarion rare. The ability of organisms to ferment glucose was measured at 30 "C in a Gilson single-valve differential respirometer as described by Umbreit et a/. (1964) .
C' iabiliry measurements. Viability of yeast populations was measured by staining with methylene blue (Fink & Kiihles, 1933) . A portion (0.5 ml) of suspension in derepression buffer was mixed with an equal volume of methylene blue solution (0.01 0 ; . w h , in 20,, w/v, sodium citrate). After 5 min incubation at room temperature, wet preparations were examined on haemocytometer slides, and the numbers of live and dead cells established in a population of a t least 500 organisms.
Chemicals. All chemicals used were Analar grade or of the highest purity available commercially. Ergosterol, oleic acid (A9 cis-octadecenoic acid), linoleic acid (A9. I cis,cis-octadecadienoic acid) and L-alanine dehydrogenase were purchased from Sigma. Cycloheximide and chlorampheiiicol were obtained from BDH and ~-[U-'~C]alanine from Amersham.
R E S U L T S

Groivth of organisms and incorporation of exogenously supplied fatty acids into cell phospholipids
Organisms grew anaerobically at the same rate (generation time 1.7 h) in the presence of oleic or linoleic acid. Those grown in the presence of oleic acid incorporated C, 8: residues into their phospholipids to the extent of 69% of the total fatty-acyl residue content, while those grown in medium containing linoleic acid contained Cis:? residues to the extent of 51% of the total phospholipid fatty-acyl content (Calderbank et al., 1984) .
Efect of phospholipid fatty-acyl unsaturation on the time-course of derepression of the G A P
When organisms enriched in either oleyl or linoleyl residues were suspended in derepression buffer, the ability to accumulate L-alanine rapidly increased from a very low value to reach a peak after 1-5-2.0 h (Fig. 1) . The rate of increase in the velocity of L-alanine accumulation was greater in organisms enriched in linoleyl rather than oleyl residues. After about 2.0 h incubation, the ability to accumulate L-alanine declined in both types of organism (Fig. 1) .
Woolf-Hofstee plots (Hofstee, 1959) for accumulation of L-alanine by organisms at zero time in derepression buffer were slightly concave, but did not differ significantly for organisms enriched in oleyl as compared with linoleyl residues (Fig. 2a) . After 1.0 h incubation, the plots were more concave, and differed for organisms enriched in each residue (Fig. 2b) . On further incubation, Woolf-Hofstee plots became progressively similar in shape and, after 2.0 h, were superimposable (Fig. 2c, d) . Apparent values for KT and V,,, for the GAP (high-affinity system) and the low-affinity system were determined by computer-aided regression analysis assuming that both systems were represented by two straight lines on Lineweaver-Burke plots, each line being described by four data points. Independent KT and V,,, values were obtained by applying the Neal (1972) correction to the apparent values, assuming that both systems obeyed Michaelis-Menten kinetics. Values for KT of the GAP during derepression in organisms enriched in oleyl or linoleyl residues were similar, while V,,, values were lower in oleyl residueenriched rather than linoleyl residue enriched organisms, particularly during the early stages of derepression (Table 1) . At zero time, values for KT for the low-affinity system were high, but they gradually declined during derepression. Values for V,,, for this system initially increased during derepression but thereafter declined. During incubation in derepression buffer for 2-0 h, the apparent concentration of organisms as measured by optical density determinations, increased from 1.3 to 2.0 mg dry wt m k l , irrespective of the nature of the fatty-acyl enrichment. This increase was confirmed by dry wt measurements. Populations of organisms enriched in oleyl or linoleyl residues maintained a viability of over 90% when incubated in derepression, buffer for up to 1.5 h, but thereafter viability slowly declined and, after 4-0 h incubation, was 85% in suspensions of organisms enriched in oleyl residues and 74% with those enriched in linoleyl residues. For up to 2.0 h incubation in derepression buffer, there was very little (maximum of 5 % of the content of any one residue) alteration in the fatty-acyl composition of phospholipids in organisms with either fatty-acyl enrichment. When a GAP-less mutant (FV 3) was incubated in derepression buffer, there was no increase in the low L-alanine-accumulating velocity [approx. 17 pmol (mg dry wt)-' s-l] over a period of 4.0 h with organisms enriched in either fatty-acyl residue. The viability of populations of the mutant enriched in either residue remained at more than 90% over the 4-0 h period of incubation. Woolf-Hofstee plots for accumulation of Lalanine by this mutant at zero time and after 2.0 h derepression were linear. Moreover these plots were identical and the KT and V,,, values for the transport system were in the same range as those for the low-affinity L-alanine system of wild-type organisms at zero time. wt)-l in organisms enriched in oleyl residues, and 11.8-4-6 nmol (mg dry wt)-l with organisms enriched in linoleyl residues]. Autoradiograms of extracts of organisms that had been incubated in derepression buffer for up to 2.0 h, and then allowed to accumulate ~-[U-l~C]alanine for up to 100 s, revealed only one spot which had an RF value identical with that of a simultaneously run standard of L-alanine. Evidence that transamination of L-alanine had not occurred came from the failure to detect keto acids in suspensions allowed to accumulate L-alanine for up to 100 s. Rates of protein synthesis in organisms with either enrichment suspended in derepression buffer, as judged by the 3H : 14C c.p.m. ratio, were virtually identical in organisms after 1.0, 1.5 and 2.0 h. The ratio fell over this period from a value of around 0.58 to 0.45. Including cycloheximide (10 pg ml-l) in derepression buffer completely prevented expression of the GAP, and caused a decay in the low L-alanine-accumulating velocity present at zero time at a rate which was faster in organisms enriched in linoleyl rather than oleyl residues. The presence of cycloheximide in derepression buffer caused a decline in the viability of populations enriched in either fatty-acyl residue after 1.0 h incubation.
N o evidence was obtained for differences in rates of utilization of components of the derepression buffer by differently enriched organisms. Rates of glucose fermentation by Table 1 . K , und V,,,,,, rcr/uc~.s for L -u l a n i n u ucczrmulution by Saccharomyces cererisiae Y185 enriched in oleyl or linoleyl residues jollo wing incubation in derepression bufer 
\ I
Time of incubation
High-affinity system High-affinity system Low-affinity system (GAP) Low-affinity system organisms enriched in either residue and suspended in derepression buffer were virtually identical over a 2.0 h incubation period. The value declined from around 0.33 pmol (mg dry wt)-' min-l at zero time to about 0.15 pmol (mg dry wt)-l min-' after 2-0 h. Moreover, differently enriched organisms accumulated 3 2 P to virtually the same extent over a 4.0 h incubation period in derepression buffer. The content of H2PO; equivalent increased up to about 2.0 h and thereafter remained constant at about 70 nmol (mg dry wt)-'. Initial velocities of H PO; accumulation, measured at intervals over a 2.0 h incubation period, were also the same for differently enriched organisms, decreasing from about 6.5 pmol (mg dry wt)-' s -' at zero time to approximately 2.3 pmol (mg dry wt)-' s-' after 2.0 h incubation.
D I S C U S S I O N
Before being able to conclude unequivocally that the transiently greater rate at which the G A P was derepressed was attributable to enrichment of plasma-membrane phospholipids with linoleyl as compared with oleyl residues, it was necessary to show that the effect could not be attributed to other differences in cell physiology. Inhibition by cycloheximide indicated that protein synthesis was necessary for derepression. However, it was evident that the rates of protein synthesis were the same in the differently enriched organisms. Furthermore, the possibility that our data reveal a differential release from transinhibition (Eddy, 1982) of an already existing G A P can be discounted because of the absence of any differences in the size of the intracellular amino-N pool or of the concentration of L-alanine in this pool. All1 evidence points to the conclusion that measurements were made of velocities of L-alanine accurriulation in the absence of metabolism of this amino acid. Autoradiograms indicated that ~-alanine was the only radioactive compound detectable in organisms, added to which no evidence was obtained for action of transaminases on accumulated L-alanine. During derepression, no evidence was obtained for marked or differential changes in the fatty-acyl composition of phospholipids in organisms. Differences in velocities of uptake and extent of accumulation of components of the derepression buffer can also be discounted since virtually identical velocities were obtained for glucose fermentation, initial rate of H 2 PO, accumulation and extent of incorporatiion of 3 2 P from H 2 3 2 P O i .
L-Alanine was selected for following derepression of the G A P since it is generally believed that it is one of the few amino acids to be transported into S. cerecisiae predominantly if not exclusively by the GAP. Justification for this choice came from the discovery that the ability to accumulate L-alanine did not increase when a G AP-less mutant was incubated in derepression buffer. There is a need, however, to explain the small but significant L-alanine-accumulating ability in organisms grown in ammonia-containing media. Woolf-Hofstee plots for L-alanine accumulation by wild-type organisms at zero time of derepression were slightly concave, suggesting the presence of two systems capable of transporting this amino acid. However, the V,,, value for the high-affinity system at this time was very low, which suggests that the contribution of this very small GAP activity in transporting L-alanine was minimal. Significantly, the GAP-less mutant did not possess this system. A low-affinity system was detected in both wild-type organisms and the GAP-less mutant suggesting that this system was not the GAP. Grenson et al. (1970) reported a very small L-alanine-accumulating ability in S. cercrisiue E 127861 grown in the presence of ammonium ions, although Roon et a/.
(1 975) were unable to do so using the same strain and a similar ammonia-containing growth medium. It is worth noting that rates of L-alanine accumulation in ammonia-grown organisms by the lowaffinity system reported in the present paper were comparable to those reported for other specific amino acid-accumulating systems in S. cerezisiae (Gregory et al., 1982) . An explanation for the decrease in KT value of the low-affinity system during incubation of organisms in derepression buffer is not immediately apparent. However, the simultaneous decrease in V,,, value could have been the result of amino acids produced by turnover of the proteins of this system being preferentially channelled into synthesis of proteins of the more efficient GAP system.
The greater V,,, but nearly identical KT values for the GAP in organisms enriched in linoleyl rather than oleyl residues, following derepression (after 1.5-2.0 h), can probably be attributed to a greater membrane fluidity in the immediate environment of one or more of the GAP proteins, thereby allowing the transport system to operate more rapidly. The very low GAP activity at zero time probably led to some inaccuracy in determination of kinetic constants, which could explain the higher KT values obtained for these organisms. Membrane fluidity has previously been invoked to explain differences in kinetics of accumulation of other amino acids by S. ceretisiae enriched in linoleyl as compared with oleyl residues (Keenan & Rose, 1979; Keenan et a/., 1982) . However, other factors need to be considered to explain the transient twofold difference in V,,,,, value in organisms after 1 h in derepression buffer. The GAP in S. cerecisiae consists of a plasma membrane-bound complex of probably three proteins which effects transmembrane movement of the amino acid, together with a loosely bound periplasmic binding protein (Woodward & Kornberg, 1980) . Our data might indicate that one or more of these proteins are synthesized faster, in the early stages of derepression, when the organism has membranes enriched in linoleyl rather than oleyl residues. Nothing has yet been reported concerning the sites at which GAP proteins are synthesized but, if some of these proteins are synthesized on the plasma membrane, additional phospholipid unsaturation could accelerate their synthesis. A more likely possibility is that some and possibly all GAP proteins are synthesized intracellularly, and transported to the cell envelope in vesicles. This route has been suggested for synthesis of transport systems for sulphate (Novick et al., 1981) and proline (Courchesne & Magasanik, 1983) in S. cererisiae. If GAP proteins are also synthesized by this route, the presence of linoleyl rather than oleyl residues in the plasma membranes and vesicles could accelerate fusion of the vesicles with the plasma membrane (Henschke et al., 1983) . This suggestion raises the possibility that plasma-membrane phospholipid unsaturation could be a regulatory factor controlling insertion of proteins into the membrane, an idea that is consistent with the views of Ramirez et al. (1983) . These workers reported evidence suggesting continued synthesis of plasma-membrane phospholipids but not secreted proteins after transfer of sec mutants (Novick et a/., 1981) from the permissive to the restrictive temperature. Since the restrictive temperature (37 "C) was higher than the permissive temperature (24 "C), phospholipids synthesized at the higher temperature would contain proportionately less unsaturation thereby leading to a possible decrease in the affinity of the membrane for protein insertion. Alternatively there is the possibility that one or all of the GAP proteins preferentially locate in more fluid linoleyl residue-enriched regions of the phospholipid bilayer. A transiently greater V,,, value could then be explained in terms of more rapid operation of the GAP in these regions. As the number of GAP proteins inserted into the membrane increases, they would be forced to locate into less fluid palmityl residue-enriched regions of the bilayer, thus diluting out the effect of the linoleyl residues on the V,,, value. Support for this preferential view of location of transport proteins has come from Hennaut et al. (1970) who reported evidence suggesting that
